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e-mail: pp1565156@126.com (P. Du); ouahsine@utc.fr (A. Ouahsine)
† CEREMA-134, rue de Beauvais, CS 60039, 60200 Compiègne, France
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Abstract. The system-based maneuvering simulations were conducted to investigate the ship
navigating in the confined waterway. The confinement effect was included using the model of
Vantorre [1]. The maneuvering model was validated using the turning circle and zigzag tests,
and the confinement model was verified using the experimental data of Norrbin [2]. The good
agreement proved the validity of our method. Using this method, the influences of the ship-bank
distance and the propeller rate of turn were studied and concluded. Small ship-bank distance
and large propulsion were proved to enhance the confinement effect.
1 INTRODUCTION
When a ship is maneuvered in a confined waterway, its motion will be influenced by the
channel bank and bottom [3, 4, 5, 6]. These effects will change the maneuverability of the ship
and may cause marine accidents if not controlled well. In this paper, system-based maneuvering
simulations are conducted for an Esso Bernicia 190,000 DWT tanker in a confined waterway. A
non-linear maneuvering model is adopted and the confinement effect is included based on the
model of Vantorre [1]. The maneuvering model is verified using the turning circle and zigzag
tests [7]. The confinement model is validated using the experimental data of Norrbin [2].
2 METHODOLOGIES
The maneuvering equations in 3-DOF (degrees of freedom) can be written as (Fig.1) [8]:
u̇− vr − xGr2 = gX
v̇ + ur + xGr
2 = gY 
(Lkz)
2 ṙ + xG(v̇ + ur) = gLN

(1)
where u and v are the surge and sway velocities, u̇ and v̇ are the surge and sway accelerations, r
and ṙ are the yaw rate and yaw acceleration respectively, g is the gravitational acceleration, G is
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the gravity center of the ship, O is the midship point, L is the ship length between perpendiculars,









radius of turning, where Iz is the inertial moment of a ship with respect to OZ-axis. X
 =
X/(mg), Y  = Y/(mg), N  = N/(mgL) are the non-dimensional forces and moment.
For the Esso Bernicia 190,000 DWT tanker, the non-dimensional equations for surge, sway
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|c|c|β|β|δ|ξ are the non-dimensional derivatives of ship
hydrodynamic coefficients. δ is the rudder angle, td is the thrust deduction coefficient. β =
arctan(−v/u) is the drift angle. ξ = Td/(h − Td), where h is the water depth, Td is the ship












where Tuu, Tun and T|n|n are the hydrodynamic coefficients of the propeller, n is the shaft
velocity. c is the flow velocity at the rudder estimated by:
c2 = cunun+ cnnn
2 (6)
where cun and cnn are the hydrodynamic coefficients of the rudder.
The confinement effect is included as external forces and moments acted on the ship hull into
the non-dimensional ship maneuvering equations. Then Eq.1 becomes:
u̇− vr − xGr2 = gX + gXB
v̇ + ur + xGṙ = gY
 + gY B
(Lkz)
2 ṙ + xG(v̇ + ur) = gLN






B are non-dimensional forces and moment of the ship-bank/bottom inter-
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Figure 1: Coordinate system in the ship maneuvering analysis
Figure 2: Parameter definitions of a ship in the confined waterway
where Y HB , N
H




B are the effects of the ship propulsion,
Y HPB , N
HP














































































∇ (displacement) 220000 (m3)
L/B 6.46
B/Td 2.56
CB (block coefficient) 0.83
U0 (design speed) 16 (knots)
n (propeller rate of turn) 80 (rpm)















































ik are the regression coefficients, which can refer to the work









where T is the propeller thrust, D is the propeller diameter, ρ is the water density. yB and yB3

























where yp and yp3 are the distances from the ship center to the bank on the port side (Fig.2), ys
and ys3 are those on the starboard side, B is the breadth of the ship. heff is the effective depth
of the channel:
heff = h− zm (18)
where h is the water depth, zm is the average sinkage due to the squat effect.
3 MANEUVERING MODEL TESTS
This work uses the Esso Bernicia 190,000 DWT tanker, whose parameters are given in Tab.1.
There are 34 hydrodynamic coefficients in the maneuvering equations (2-4), whose values are
given in Tab.2. Here the hydrodynamics are optimized using the procedures in [8].
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No. Hydrodynamic coefficients Values No. Hydrodynamic coefficients Values
1 Xu̇ -0.0500 18 Y

|v|vξ -1.5000
2 Xvr 1.0200 19 N

vrξ -0.1200
3 Y v̇ -0.0200 20 Y

|c|cδ 0.1794
4 Y |c|c|β|β|δ| -2.1600 21 Y

uvξ 0.0000
5 Y T 0.0500 22 N

uvξ -0.2043
6 N T -0.0240 23 X

c|c|βδ 0.1220
7 N ṙ -0.0608 24 N

|c|cδ -0.0883
8 Y |v|v -2.4000 25 X

vvξξ 0.0125
9 N |v|r -0.3000 26 N

|c|c|β|β|δ| 0.6880
10 X|v|v 0.3000 27 Y

|c|c|β|β|δ|ξ -0.1910
11 Y uv -1.2050 28 N

|c|c|β|β|δ|ξ 0.3440
12 N uv -0.4510 29 Y

ur 0.2480
13 Xu̇ξ -0.0500 30 N

ur -0.1717
14 Y v̇ξ -0.3780 31 X

u|u| -0.0312
15 Y urξ 0.1420 32 N

ṙξ -0.0054
16 N urξ -0.0448 33 X

|u|uξ -0.0050
17 Xvrξ 0.3780 34 X

c|c|δδ -0.0984
Table 2: Hydrodynamic coefficients of the Esso Bernicia 190,000 DWT tanker
The maneuvering model here is validated using the turning circle and zigzag tests. As shown
in Figs.(3-4), the trajectory and heading angle correspond well with the experimental data.
Thereby this model can be further used to implement the ship-bank/bottom interaction in the
confined waterway.
4 SHIP MANEUVERING IN A CONFINED WATERWAY
Based on the maneuvering equations 7, the ship navigating in the confined waterway can be
simulated. The experimental results of Norrbin [2] are selected for validation. The setups can
be seen in Tab.3. As shown in Fig.5, our simulations correspond well with the experimental
data.
Two cases are further carried out to consider the influences of the ship-bank distance and the
propeller rate of turn (Tab.3). As shown in Fig.6, when the ship is closer to the bank, the bank
effect will become more obvious and the ship will deviate more from the bank. In Fig.7, when the
propeller revolution increases, according to the equations 9-14, the forces and moment induced
by the confinement effect will also increase. So greater propulsion will make the ship turn more
to the middle of the channel. Overall, small ship-bank distance and large propeller rate of turn
will enhance the confinement effect when a ship is maneuvered in the confine waterway.
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Figure 3: Ship trajectories in the turning circle test. ’◦’: experimental result [7]; ’-’: simulation result.
Figure 4: Yaw angles in the zigzag test. ’◦’: experimental result [7]; ’-’: simulation result.
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Figure 5: Trajectory of the ship navigating in the confined waterway (validation). ’◦’: experimental
result [2]; ’−−’: simulation result.
Parameters Validation Case 1 Case 2
Lb (width of channel bottom) [m] 300 300 300
Lt (width of channel top) [m] 305 453 453
Channel slope of both sides 10:1 1:3 1:3
h (water depth) [m] 25.5 25.5 25.5
Td (draft) [m] 18.46 18.46 18.46
UKC (Under Keel Clearance) [m] 7.04 7.04 7.04
ys3 (distance to the right bank) [m] 77.1 98.8,123.8,148.8,173.8 123.8
u0 (initial ship speed) [knots] 5.0 5.0 5.0
n (propeller rate of turn) [rpm] 80 80 20,30,...,80
Table 3: Simulation parameters in different cases
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Figure 6: Ship trajectories with different ship-bank distances (case 1)
Figure 7: Ship trajectories with different propeller revolutions (case 2)
5 CONCLUSIONS
- The confinement model was successfully implemented into the maneuvering equations to
simulate the ship navigating in the confined waterway.
- Small ship-bank distance and large propeller rate of turn can increase the confinement
effect and influence the maneuvering of the ship.
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